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Abstract  
The demand for rail freight transportation is a continuosly changing process over 
space and time and is affected by many quantitative and qualitative factors. In order to 
develop a more rational transport planning process to be followed by railway 
organisations, there is a need to accurately forecast  freight demand under a dynamic 
and uncertain environment.. In conventional linear regression analysis, the deviations 
between the observed  and the estimated values are supposed to be due to observation 
errors. In this paper,  taking a different perspective, these deviations are regarded as the 
non-random uncertainties associated with forecasting issues.The details of fuzzy linear 
regression method are put forward and discussed in the paper. Based on an analyzes of 
the  characteristics of the rail transportation problem, the proposed model was 
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successfully applied to a real example from China.The results of that application are 
also presented here. 
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1. Introduction 
    The freight transportation market is an essential component of any economic system. 
As such, it is in continuous change as a result of the growth and change of the economic 
activity. The demand of rail freight transportation is a highly variable process over 
space and time, which precludes the prediction of future scenarios with certainty. 
Generally speaking, there may be large numbers of railroad stations that take on freight 
transportation in a metropolitan city.In order to develop a more rational  transportation 
planning process for each station, the demand for freight transportation has to be 
accurately predicted. 
Railways in China play a dominant role in the freight transport sector. Since the 
introduction of the reform and open policy, and due to the effects of rapid economic 
growth as well as the importance accorded to it by the government, Chinese Railways 
have undergone enormous changes and improvement. At the same time, freight 
transportation demand has  changed due to the conversion from the planned to the 
market economy. Chinese Railways are now being confronted with increasingly more 
instability and uncertainty, which has rendered future planning ever more difficult. As a 
result, it is necessary to find a more appropriate way for predicting the demand of rail 
freight transportation in China. 
A variety of methods for prediction have been reported in the literature during the 
last few decades. The regression method is one of the main ways used in 
forecasting(Draper and Smith, 1980).. When conventional regression methods are 
applied to large scale and complex systems such as transportation problems, the 
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ambiguity or fuzziness of human’s subjective judgement usually comes into play. 
Therefore, exact and accurate modeling of these systems may be very difficult. 
Alternatively, the concept of the fuzzy set theory seems to be applicable for modeling 
such systems.  
Since the publication of the seminal work “Fuzzy Sets” (Zadeh, 1965), this subject 
has been the focus of many research investigations which have led to many successful 
practical applications (Dubois and Prade, 1980). Tanaka (1982), presented the fuzzy 
linear regression method, and the applications of fuzzy linear regression method appear 
to have roots in many engineering fields (Tanaka, 1987; Tanaka, 1989; Sakawa, 1989; 
Chang, 1996; Lee, 1997). In the conventional linear regression analysis, the deviations 
between the observed and the estimated values are assumed to be due to the observation 
or  measurement errors (Draper and Smith, 1980). According to Tanaka (198?), these 
deviations depend on the types and on the nature of the uncertainties, ie. On the 
fuzziness of the system structure, or  the fuzziness of the system parameters. It is 
reflected in a fuzzy linear regression model that the regression coefficients of the 
regression function are fuzzy members. Although the fuzzy method has been 
successfully applied in the many engineering applications, very few transport 
applications have been reported. Based on the complexity of the transport system and 
the feasibility of fuzzy methods, this paper puts forward a way to predict the demand 
for rail freight transportation using the fuzzy linear regression method. 
This approach differs from that followed by conventional freight demand 
forecasting models. The latter fall into two main types, namely:  
a) freight generation (i.e. what is the amount of freight volumes generated and 
attracted to a region). Most of these models are based on multiple linear 
regression with explanatory variables, such as economic output (eg: gross 
regional product); demographic variables or employment by type of activitiy. 
b) freight distribution (i.e. what are the freight flows between and within 
eachregion).  Such models usually use the gravity modeling approach where the 
demand for freight between two regions is a directly proportional to regional 
economic output of the regions and increases with decreasing transport costs 
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between the regions. 
Such models are often poor when used in a forecasting mode due to the fact that 
demand for freight movements is a function of dynamic and complex interaction of 
factors. To be able to predict local demand by mode it is necessary to know how that 
demand is affected by: 
• economic activity by type; 
• transport costs for all competing modes 
• modal level of service variables which influence mode choice decisions, such a 
reliability, punctuality and customer service levels; 
• level of government intervention in the market by mode and its impact on 
demand; 
• changing nature of demand for freight as the local economychanges its 
structure; 
• customer requirements and expectations in terms of levels of service, frequency 
of deliveries, size of consignments, etc.; and 
• the impact of seasonal and climatic conditions on demand. 
There are significant uncertainties associated with some of these variables and the 
way in which they interact with each other. Some of the uncertainties are brought 
about by the nature of the variables themselves. For example, customer 
requirements and expectations, as well as government intervention impacts, tend to 
have an element of subjective assessment, which converts into customer ‘image’ or 
perception of a specific transport mode. These types of variables are also difficult to 
predict with certainty given the changing nature in demand for freight; the changing 
role of central and regional governments in China towards road and rail competition; 
the changing levels of transport infrastructure provision; changes in vehicle 
technologies leading to productivity and operating efficiency gains. For these 
reasons, fuzzy methods offer a more promising approach for modeling freight 
demand at the local level.  
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The remainder of this paper is organized as follows: In Section 2, the fuzzy linear regression method 
is introduced together with the selection of independent variables.The way in which input data is 
handled is the subject of section 3.. The results obtained from the regression analysis are shown in 
Section 4.Finally, Section 5 presents some concluding comments. 
 
 
